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It is also of interest to mention the energy storage efficiency in bending for a 
cantilever beam with a rectangular cross-section. Because of the change in stress 
from tension to compression over the cross section, the total energy storage is found 
to be relatively small resulting in a form factor K { of only 0.11. 

In summary, then, the efficiency of an energy-storing material is greatly en¬ 
hanced through a combination of low elastic modulus and high stress capacity. 
Such combinations of mechanical properties are possible, for instance, in music 
wire, chrome-silicon steel, and clock spring steel. However, shock cord rubber fil¬ 
aments or glass-fiber reinforced plastics can also claim exceptional energy-storing 
efficiency. Hence modern nonmetallic compounds with the right mechanical prop¬ 
erties should continue to offer advantages in this area of materials technology. 


Design Problem 6.1 

Calculate the energy storage efficiency of a cantilever beam of a rectangular cross-section 
where b and h denote width and depth, respectively. The cantilever of length L carries 
concentrated end load W and the response is elastic. Utilize the quantity of energy stored 
in a solid bar in tension as the criterion for determining the form factor K{. 

Solution 

The elastic work done follows directly from the linear load-deflection curve of the cantilever 
beam. This work is equal to Wy/ 2, which is the area under the load-deflection curve where 
y is cantilever deflection given by the usual formula 

Wy W .. WL 3 W 2 L 3 
2 “ 2 X 3 El ~ 6 El 

The volumetric efficiency is the work divided by the volume of the material in cantilever 

12 x W 2 L 3 2 W 2 L 2 
6 x bh*E x bhL ~ Eb 2 h 4 

The maximum cantilever stress is 

6 WL 
~ bh 2 

From this 

WL=*f 

6 

Substituting this product term into the formula for the volumetric efficiency derived above, 
we get 


2 w S 2 b 2 h A S 2 w 1 

Eb 2 h* X 36 “ 2E X 9 


Hence by a direct reference to Eq. (6.1) and the foregoing result we have to conclude that 
the form factor K{ for the cantilever beam under consideration is 1/9 or 0.11. ♦ 



